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PROLONGED RELEASE OF 

This invention relates t» k- > . 
active poivDeotiH. reJ «es to biologically 

Polypeptide compositions which can k. 
Parenteral^ administered £or " * " e 
animals, to methods of usinTsuch ' " 
-al-associated somato Z te ^ ' * 

such expositions, and to pro e so" """" °' 
"etal-associated somatotropins P " Pa " n9 SUCh 

Mo 1 o g icall y t a h :Uv h e P ; b 0l ° n9ed """'^i"— 
achieved b p " ^ nT'' »« 

«ntratio„s and/or have such a sho h 1/ i ! C °"" 
««» that a substantial dose ,e , a t \ V" 
-9> -».t he ad,i„ istersd tQ pt ^£ ^Vd^iret" ^ 
biological effect n« Bf aesired 
or ^nge, "slml ™ "r^V " * ^ 

-mple of such polypeptides " 0r "° neS) *" » 

an animar l\ToZT Unde,i " bl * »P" «!«., into 
been pa „ e I""' »™ 

in body „ ulds I f " ««K*iUty 

are very vinous in T DIOa «ive polypeptides 

-ej n uyi:; f i: u r:r;: ct ~^ and 

- such concentrations. ^"C^TT" 



26 9 1 



86095794 



12 3 1 



0177478 



-2- 37-21(5675)A 

antihydration agents add viscosity and can diminish 
convenient mjectabili ty of such compositions. For 
those and other reasons, the right combination of (1) 
a fast enough release to provide the desired biological 
5 effect in the animal, (2) a slow enough release to 
sufficiently prolong the effect, (3) a dose adequate 
for release at the required rate over the prolonged 
period of time and (4) a volume small enough and 
viscosity low enough for convenient administration has 

10 normally been very difficult to achieve. 

Since each polypeptide is different, e.g. in 
its three-dimensional structure and its interaction 
with other substances, the feasibility of achieving a 
prolonged effective release with a high loading of 

15 polypeptide in a suitable vehicle is impossible to 
predict or demonstrate theoretically. Yet in many 
cases, such prolonged release compositions must be 
developed if the biological activity of the polypeptide 
is to be provided in a useful, economical fashion. 

20 DISCUSSION OF PRIOR ART 

Methods to achieve prolonged release of 
bioactive substances have been long sought after to 
reduce frequency of treatments and/or minimize trauma 
to the treated animal. Prolonged release has been 

25 achieved for a number of such substances in various 
ways. One system is the use of oil solutions which 
can be injected intramuscularly, subcutaneously or 
otherwise. In some cases substances of lower oil 
solubility have been administered in oil suspensions. 

30 For example, Welch in U.S. Patent 2,491,537 

discloses release up to 24 hours for penicillin 
suspended in oil (e.g. vegetable) gelled with pectin, 
a cellulose compound, or a protein such :.s gelatin. 
He also suggests extended release for insulin and 

35 steroid hormones. Buckwalter in U.S. Patent 
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2,507,193 discloses release in rabbits for up to 
eleven days using 300,000 cnits/ml of procaine 
penicillin suspended in peanut oil gelled with 5% 
aluminum monostearate (AIMS). Jacobson in U.S. Patent 
3,016,330 discloses AlMS-coated penicillin suspended 
in sesame oil. Chien at 35(3) Journal of Parenteral 
Science and Technology 109 (1981) discusses prolonged 
bioavailability of penicillin G procaine suspended in 
vegetable oil gelled with 2% AIMS, stating that more 
than 2% AIMS appears to have only limited benefit for 
prolonging effective penicillin levels and that 
suspensions containing more than 2% AIMS are too 
viscous for practical use. 

Oil suspensions have been also utilized for 
certain low molecular weight (MW) therapeutic substances 
other than penicillin. For instance, Lachman et al 
in U.S. Patent 3,676,557 discloses long-acting formu- 
lations of up to 50% pamoate salts of normorphinones 
in oil suspensions gelled with AIMS. Sieger et al in 
U.S. Patent 4,016,273 discloses prolonged-release 
formulations of up to 40% pamoate salts of oxazepines 
in oils gelled with aluminum stearates. 

Systems for prolonged release of certain 
bioactive polypeptides have also been disclosed. For 
instance, Anschel in U.S. Patent 2,964,448 discloses 
suspensions of relaxin (about 2%) in a vegetable oil 
gelled with AIMS. Anschel indicates such a suspension 
provides relaxation comparable to that in oil without 
gelling agent (e.g. 5-7 days) and discloses a longer 
effect (up to 23 days) by heat treating the suspension 
containing AIMS. 

Geller in U.S. Patent 3,869,549 discloses 
injectable prolonged-release compositions containing 
"extremely small doses", e.g. "fractions of «- milligram" 
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of a i-_/-.ide. Although growth hormones are mentioned, 
specific examples are of water soluble corticotrophin 
(ACTH) preparations active for 7-8 days. In particular, 
Geller discloses compositions containing acid addition 
salts of ACTH analogs suspended in groundnut oil 
gelled with aluminum distearate (AIDS) or adsorbed on 
AIDS subsequently dispersed in such oil. In either 
case the analog is in Geller 's injectable formulations 
in concentrations of only 0.03-0.1% and weight ratios 
of peptide to the aluminum salt no greater than 0.5. 

Compositions for extended release of 
analogs of LH-RH hormone are disclosed by Nestor et al 
in U.S. Patent 4,256,737. Those compositions contain 
salts of the hormone, including polyvalent metal (e.g. 
15 zinc) salts, in vegetable oil gelled with aluminum 

salts of fatty acids. The LH-RH analogs are adminis- 
tered at concentrations of 0.01-1% in the injected 
composition. 

Others have disclosed aqueous suspensions 
of metal salts or complexes of polypeptides for 
prolonged parenteral release. For instance, Donini in 
U.S. Patent 3,852,422 discloses long-active aqueous 
suspensions of a precipitation product of water- 
soluble gonadotropins and aluminum or zinc hydroxide. 
25 Because zinc is naturally present in pancreatic 

insulin, prolongation of insulin release from aqueous 
suspensions d»e to interaction between insulin and 
various metals (e.g. zinc, nickel, cobalt and 
cadmium) has been investigated. See U.S. Patents 
30 2,143,590; 2,174,862; 2,882,203; 2,920,014 and 
3,102,077. 

OBJECTS OF THE INVENTION 
An object of this invention is to provide 
compositions which are useful for prolonged release 
35 of a biologically active polypeptide in an animal and 
which are composed of constituents that are 
biologically compatible with that animal. 
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Another object is to provide such composi- 
tions having a fast enough release to result in the 
desired biological effect in the animal. 

Another object is to provide such com- 
5 positions having a slow enough release to sustain 
the desired biological effect for an advantageously 
prolonged duration. 

Another object is to provide such com- 
positions containing a sufficiently high loading 
10 (adequate dose) of the polypeptide to sustain the 

required rate of release over such a prolonged period 
of time. 

Another object is to provide such compositions 
having a low enough volume for convenient parenteral 
15 administration. This is especially important when the 
dose of polypeptide to be administered is necessarily 
large . 

Another object is to provide such compositions 
having constituents and their proportions selected 

20 such that the compositions have low enough viscosity 
for convenient injection or other administration. 
This is also highly important when injection of a 
relatively large dose of the polypeptide is required. 

In some embodiments it is an object that 

25 such constituents and their proportions provide a 
high enough viscosity to assist formation in the 
animal of depots favoring longer release. In many 
cases this is difficult to achieve together with the 
just-mentioned low viscosity objective. 

30 Other objects of the invention include the 

provision of methods for use of such compositions, 
certain forms of somatotropins that are advantageously 
included in such compositions, and processes for 
preparing such somatotropins. These and other objects 

35 of the invention will be more readily apparent from 
the following detailed description. 
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SUMMARY OF THE INVENTION 
I have discovered that the foregoing 
objectives can be realized with substantially 
non-agueous compositions containing a relatively high 
proportion of the bioactive polypeptide dispersed in 
a biocompatible oil sufficient in amount to form a 
cont lnuous of composit . on< jn 

ments, such objectives can be more advantageously 
realized by using polypeptides associated with a 
non-toxic metal . _Optionai ly , such composition can 

^ m " St be ^n7ite7eT- ln relatively large d o^— 
and/or which increase viscosity of the composition 
substantially, i have found that a relatively high 
ratio of polypeptide to the antihydration agent is 
generally advantageous. , have also discovered 
compositions can be provided with high loadings of 
polypeptide (optionally with an antihydration agent) 
and sufficient viscosity that the compositions, after 
miction, tend to form into long-lasting depots 
from which the polypeptide is released in a prolonged 
manner at an effective rate 

DETAILED DESCRIP TION OF THF INVENTION 
Throughout this specification, percentages 
of compositions are by weight and temperetures are in 
degrees Celsius unless indicated otherwise 

As used in this specification and the 
appended claims, the term "substantially non-acjueous" 
means essentially anhydrous or containing water 
in such low proportion that it does not intolerably 
accelerate release of the polypeptide in the animal. 
Although this proportion of water varies with each 
composition of the invention, it is most commonly 
less than about 2% (even more typically less than 
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about 1%) in a for* having such an effect on the 
polypeptide release. 

The term "non-toxic" refers herein to 
components of compositions of this invention that 
are reasonably sa fe and/or innocuous when used in 
appropriate counts and under appropriate conditions 
m parenteral administration of such compositions. 

The term "biologically active" or "bioactive" 
polypeptide herein means a polypeptide that, following 
appropriate parenteral administration to an animal 
has a demonstrable effect on a biological process of 
that animal. The effect may be hormonal, nutr .tive, 
therapeutic, prophylactic or otherwise, and may mimic, 
complement or inhibit a naturally occurring biological 
process. Although there is an enormous variety of 
such effects and processes, the stimulation of growth 
lactation, egg or offspring production and/or feed 
efficiency in food animals can be mentioned as exemplary. 
Other examples include the production of wool, furs or 
other non-food animal products. Although polypeptides 
of smaller MW (e.g. at least about 300) can be used 
these polypeptides are generally of substantial MW ' 
e.g. at least about 1000, usually at least about 
4000, m most preferred embodiments at least about 
9000, and m many even more preferred embodiments at 
least about 18,000 up to about 30,000 or higher 
Although the polypeptide may be in its active form in 
compositions of this invention prior to administration 
to an animal, the ten, he.^n a l so includes polypeptides 
that develop bioactivity ./ter such administration. 

In many embodiments of the invention the 
polypeptide is administered in chemically uncombined 
form. Many other embodiments are advantageously 
carried out using the polypeptide in a form (e g 
chemically combined with another substance) in which 
it has substantially lower solubility in aqueous 
(e.g. animal body) fluids than the uncombined poly- 
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Pe^L..,. r,r exai.^le. the polypeptide can be pre- 
dominantly (e.g. fully , chemically associated with a 
non-toxic metal or m an ester, amide or other form(s) 
wh lch provide the desired bioactivity and do not 
impart intolerable side effects. When chemically 
associated with such a metal, the metal can be present 
as the metal per se (e.g. in a metal salt of or 
complex with the polypeptide) or in the form of a salt 
or complex of the metal with one or more other anions. 

Although monovalent metals (e.g. sodium or 
potassium, can be used advantageously in some composi- 
tions of this invention, polyvalent metals are preferred 
for use m many other instances. Examples of such 
Polyvalent metals include zinc, iron, calcium, bismuth 
barium, magnesium, manganese, aluminum, copper 
cobalt, nickel, cadmium and the like. m certain 
highly preferred embodiments, such metal-associated 
polypeptides are reaction products of such metals 
e.g. m ionic form, with dissolved polypeptides. The 
ratio of metal to polypeptide may vary depending on 
the number of active sites of the polypeptide that 
associate with such metal during the formation process 
For instance, metal may be associated with some or all 
negatively-charged amino acid (e.g. aspartic or 
glutamic) residues m the polypeptide, or its carboxy 
terminus c — - ■ 



Some or all of the metal may be associated 
in a salt of the polypeptide, occluded within folds, 
crystals or amorphous shapes of the polypeptide or 
associated as a cation bridge between at least two 
J u polypeptide molecules. 

When the metal is polyvalent, its valence 
may be only partly chemically associated with the 
polypeptide in some cases, e.g. because of steric 
hindrance. In such cases, the remaining valence of 
the metal may be chemically associated with other 
anions. In many desirable embodiments, the metal is 
not chemically associated in substantial proportion 
"70 1 ■ ■ 12 4 1 



0177478 



" 9 " 37-21(5675, A 



wxth other anions that form salts having low water 
soiubU.ty with said metal. When the metal is partly 
chemically associated with other anions, such other 
anions (organic or inorganic) are often desirably 
s Ucted from those that form water-soluble salt! 
«th that metal, e.g. Br", cr, r, so.= or CH 3 COO- 
when the metal is zinc. Monovalent anions, e.g. Cl- 
are generally most preferred. 

Novel and preferred metal-associated poly- 
peptides of this invention include somatotropins 
associated with zinc. ,» some instances, these may 
contain up t0 ^ „ 2inc or ^ ^ ^ ^ 

weight of the somatotropin. To minimize the chance of 
undesirable injection site responses in the animals, 
however, it may be desirable for them to contain no 
more than about ». and in some instances no more than 
about ix zinc (same basis,. ,„ many preferred embodi- 
ments these polypeptides contain at least about 0 3% 
(usually at least about 0.5%) zinc (same basis, 

although lower percentages of zinc may be suitable in 

some caspc 



Examples of other polypeptide salts useful 
m this invention include (a) acid addition salts 
formed with inorganic acids, e.g. hydrochloric, 
hydrobromic, sulfuric, phosphoric or nitric; or 
organic acids, e.g. ace ti c , oxalic, tartaric, succinic, 
maleic, fumaric, gluconic, citric, malic, ascorbic 
benzoic, tannic, pamoic, alginic, polyglutamic, 
naphthalenesulfonic, naphthalene-disulfonic or poly- 
galacturonic; (b) salts with polyvalent organic 
cations, e.g. N ' -di benzyle thy lenedi amine or ethyl- 
enediamine; and (c) combinations of two or more of 
the aforementioned types of salts, e.g. zinc tannate 
Preferred are salts of zinc, iron, calcium, 
magnesium, manganese, sodium, potassium and mixtures 
thereof. The most preferred salts, especially when 
2 7 0 2 
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the polypeptide is a somatotropin, are those of 2inc 
sodium or potassium. Very advantageously, it has been 
found that such salts, when administered in a biocom- 
patible oil in ^ proportions employed in 

of this invention, interact with the oil resulting in 
a matrix or other structure that, surprisingly 
enhances prolongation of the polypeptide release at 
effective levels. This unexpected discovery has been 
noted in both subcutaneous and intramuscular adminis- 
trations, and it appears to contribute importantly to 
the efficacy of many compositions of this invention. 

Compositions of this invention are also useful 
for prolonged release of conjugated or unconjugated 
Polypeptides. Such conjugated polypeptides include 
lipoproteins, e.g. beta lipoprotein; glycoproteins, 
e.g. gainma globulin; phosphoproteins , e.g. casein . 
hemoproteins, e.g. hemoglobin; flavo proteins, e g 
succinate dehydrogenase; and metalloproteins , e g ' 
ferritin and alcohol dehydrogenase. Mixtures of these 
or any other of the aforementioned forms of the 
polypeptide are to be considered within the invention 
as described and claimed herein. 

in many attractive embodiments, the polypep- 
tides administered in compositions of this invention 
are only slightly water-soluble (i.e., at least 100 
parts of room-temperature water required to dissolve 
one part of polypeptide), m many desirable embodiments 
they are not very soluble in the biocompatible oil 
used therein, i.e., not soluble therein at room 
temperature at a concentration greater than about 27 
and most desirably not greater than about 1 % . In so ° me 
instances, e.g. compositions containing various 
somatotropins, the polypeptide is both slightly 
water-soluble and essentially insoluble in the oil. 

As aforesaid, the compositions of this 
invention each contain, as a continuous phase thereof, 

2 7 0 3 
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a biocompatible oil, i.e., an oil having no intolerable 
adverse effect on the polypeptide, the animal, or, in 
the case of animals whose products enter the food 
chain, the consumers of such products. Preferably 
5 such oils are of low acidity and essentially free from 
rancidity. As used herein, the term "oil" means a 
fatty oil or fat that is liquid at the body temper- 
ature of the animal. Thus, such an oil will melt or 
at least begin to melt below about 40° and preferably 
10 below about 35°. Oils that are liquid at about 25" 
may facilitate injection or other administration 
of some compositions of this invention. In some 
cases, polyunsaturated (e.g. partially hydrogenated ) 
oils may be favored for greater b.\ ocompatibility with 
15 the animal or other reasons. 

In a preferred embodiment, the biocompatible 
oil is composed essentially of triglycerides, i.e., 
long chain (generally Cg-C 24< preferably C 12 -C lfl ) 
fatty acid esters of glycerol, or mixtures of tri- 
20 glycerides and such fatty acids (preferably in only 

minor proportions, e.g. less than about 10% free fatty 
acid). In some embodiments, other trihydroxy or 
polyhydroxy compounds can be substituted for the 
glycerol. Especially preferred oils include vegetable 
25 oils such as olive, sesame seed, peanut, sunflower 
seed, soybean, cottonseed, corn, safflower, palm, 
rapeseed and mixtures of such oils. Sesame and peanut 
oils are highly preferred for many embodiments. Oils 
of animal or mineral origin or synthetic oils (including 
30 long chain fatty acid esters of glycerol or propylene 
glycol) can also be employed provided they are suf- 
ficiently biocompatible. 

In most embodiments such an oil constitutes 
a predominant part by weight of such compositions. 
35 The continuous phase of biocompatible oil has in most 
cases desirably finely divided, discrete particles of 
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the polypeptide relatively uniformly dispersed therein, 
e.g. m a suspension. The upper limit of loading 
of the polypeptide is where the oil ceases to exist in 
a continuous phase because there is insufficient oil 
to fully envelop substantially all of the polypeptide 
in the composition. 

I have found surprising and unexpected 
results by using high loadings of polypeptide in such 
compositions even when viscosity is thereby substan- 
tially increased. Moreover at such high loadings I 
have discovered an interaction between the polypeptide 
and oil that m many cases favors a prolonged release of 
polypeptide from a long-lasting depot. This interaction 
is enhanced in many cases, as aforesaid, when the 
polypeptide is associated with a metal. 

Thus, compositions of this invention contain 
a polypeptide at desirably high loading levels, for 
instance at least about 10%. Even higher loadings of 
polypeptide, e.g. at least about 15%, are often 
desirable and especially efficacious with the somato- 
tropins and other polypeptides having substantially 
similar characteristics. Loadings of about 20% or 
higher, e.g. at least about 30% or even up to a'bout 
42% or higher, can be used advantageously in paren- 
teral^ injectable compositions comprising a somato- 
tropin (e.g. bovine), in particular when the somato- 
tropin is associated with a polyvalent metal such as 
zinc. such compositions can provide prolonged release 
of the somatotropin (as measured in the blood stream 
of cattle cr other animals) for periods of up to 30 
days or longer. 

Substantially non-aqueous compositions 
comprising loading levels of polypeptide as high as 
about 10% have not been suggested m any prior art of 
which I am aware, m such prior art oil preparations 
are restricted to very low loadings of polypeptides, 
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i.e., no more than about 2%. (See U.S. Patents 
2,964,448,- 3,869,549; and 4,256,737.) 

Compositions of this invention may also 
comprise, in addition to the biocompatible oil, an 
"antihydration agent" which term as used herein means 
a substance that retards hydration of a given compo- 
sition of this invention, or the polypeptide and/or 
biocompatible oil therein, and thereby decreases 
and/or stabilizes the rate of release of the poly- 
peptide from that composition following administration 
to an animal. A great variety of non- toxic anti- 
hydration agents are known. By way of example there 
are "gelling" agents which, when dispersed and in some 
cases heated to dissolve them in the oil, give the 
body of oil greater viscoelasticit.y (and therefore 
greater structural stability) and thereby slow down 
penetration of the oil by aqueous (e.g. body) fluids. 

The exact mechanism of these agents in the 
present invention is not fully understood. Thus it 
has been observed that certain known "gelling" agents 
provide the desired antihydration effect even when the 
oil containing such an agent has not been heated to 
enhance their gelling effect, or when the gel formation, 
once formed, has been substantially eliminated (e.g. 
25 by shear forces). Also, various antihydration agents 
that do not have substantial ability to gel the oil 
are suitable for use in this invention. Magnesium 
stearate is one example. 

Exemplary antihydration agents include 
30 various salts of organic acids, for instance fatty acids 
having from about 8 (preferably at least about 10) to 
about 22 (preferably up to about 20) carbon atoms, 
e.g. aluminum, zinc, magnesium or calcium salts of 
lauric acid, palmitic acid, stearic acid and the like. 
35 Such salts may be mono-, di- or ti i-substituted , 

depending on the valence of the metal and the degree 
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oi oxia.uxon ox uie metal by the acid. Particularly 
useful are the aluminum salts of such fatty acids 
Aluminum monostearate and distearate are particularly 
preferred antihydration agents, others that are 
useful include aluminum tnstearate, calcium mono- and 
distearate, magnesium mono- and distearate and the 
corresponding palmitates, laurates and the like m 
many embodiments, the concentration of such an anti- 
hydration agent, based on the weight of the oil pi us 
that agent, will be advantageously between about 1% and 
about 10% (most typically between about 2% and about 
Wo), although other concentrations may be suitable 
in some cases. 

In general, both the polypeptides and the 
antihydration agents tend to increase viscosity of the 
compositions of this invention, with many polypeptides 
especially those of relatively high MW and/or complex ' 
secondary or tertiary structure, this presents a 
problem which I have discovered may be overcome by 
using a weight ratio of polypeptide to antihydration 
agent that is relatively high. i„ this invention that 
ratio is generally at least about 1, more typically at 
least about 3, even more typically at least about 4 
and most commonly at least about 6. Although usually 
less critical in terms of composition viscosity, that 
ratio is generally not greater than about 40 and more 
typically not greater than about 20. 

Using such proportions, I have discovered that 
even with the higher composition viscosities inherent ' 
m relatively high polypeptide concentrations, advan- 
tageously long and effective release of the polypeptide 
« obtained. Even more surprising is the fact that in 
some of such compositions, the release rate actually 
increases as polypeptide loading (and therefore 
composition viscosity) is increased. 
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for l„ polypeptide. However, in some cases it may be 
desirable that such methionine residues in the poly- 
peptide are no more than about 20% (preferably no more 
than about 10%) formyl-methionine, to lessen any 
tendency of the animal's foreign body defenses to 
degrade the polypeptide. 

Observations of injections of compositions 
of this invention indicate that a substantial amount 
of polypeptide is in some cases released initially 
upon injections. This is referred to as a "burst" 
which is believed to result from a surface area 
increase occasioned by injection or other adminis- 
tration. In some cases a modest burst may be desirable 
e.g. to activate a desired biological effect. A 
characteristic useful in formulating compositions of 
this invention is the relationship of initial burst 
level determined by measuring the concentration of 
polypeptide in serum of the treated animal shortly 
after administration, to the prolonged release level 
determined by measuring the concentration of polypep- 
tide m serum of the animal at a later time. For 
purposes of this invention, the burst level is the 
concentration of the polypeptide in serum 24 hours 
after injection, and the prolonged release level 
is the concentration of the polypeptide in serum 14 
days after injection. These concentrations are used 
to calcilate a "burst-to-prolonged-release" ratio 
which is considered generally advantageous between 
about 1.2 and about 6, say between about 1 . 5 and about 3. 

Another useful characteristic in evaluating 
and formulating compositions of this invention is 
"syringeability", a meaS ure of how well the composition 
flows through a hypodermic injection needle. If 
particles of the polypeptide are too large or the 
composition is too viscous, it may require an inordi- 
nate pressure to force the composition through such a 
needle. For purposes of this invention "syringeability- 
° ~ n '> 
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is determined by measuring the time for a volume of a 
composition of this invention to pass through an 18 
gauge hypodermic needle having an I.D. of 0.033 inches 
(0.838 mm) and a length of 4 cm when a pressure of 173 
psi (1193 kPa) is applied to the composition in a 
syringe fitted with the needle. "Syringeability" for 
compositions of this invention is desirably at least 
0.03 milliliters per second (ml/sec). Preferably such 
syringeability is higher, e.g. at least about 0.1 
ml/sec or, even more desirably, at least about 0.3 
ml/sec. 

Compositions of this invention can be 
prepared by adding polypeptide to oil alone or to oil 
having an antihydration agent suspended or dissolved 
15 in the oil. It is often convenient to dissolve an 
antihydration agent to provide a gelled oil. When 
compositions of this invention are prepared by a 
process begun by forming a gelled oil, a gelling agent 
such as a fatty acid salt of aluminum can be added as 
a powder to a quantity of oil stirred to effect a 
suspension of that powder. The stirred suspension may 
be desirably heated to at least the melting point of 
the fatty acid salt (e.g. at least 155° for AIMS) at 
which point the salt will dissolve in the oil. Lower 
temperatures can be used if the gelling or other 
antihydration agent is adequately dissolved. Thorough 
and continuous stirring helps avoid agglomeration of 
the fatty acid salt and maintain the dispersion. 
Usually, the heating and stirring should continue 
30 until the suspended salt is fully dissolved. It is 
often desirable to maintain stirring for additional 
time to assure complete dissolution. 

The oil solution of fatty acid salt can then 
be coo2ed, e.g. to room temperature, where a fairly 
35 stable gel structure will result. The gel should be 
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kept under vacuum or desiccant to avoid contamination 
with water which may adversely affect the gel structure. 

The polypeptide can then be added to the 
oil at any temperature (e.g. room) that avoids intol- 
erably adverse effects (e.g. denaturing). For instance, 
bovine somatotropin has been added to such an oil at 
temperatures from about 4 to about 125° without 
adversely affecting biological activity. This ad- 
dition of polypeptide is preferably carried out under 
vacuum to avoid contamination by water or air bubbles 
Such addition is desirably carried out by slow addition 
of finely divided polypeptide to the oil undergoing 
high-shear mixing to provide uniform dispersion of the 
polypeptide particles. Size reduction of the polypep- 
tide particles is often desirable and can be accom- 
plished, e.g., by use of a ball mill in which a 
suspension of the polypeptide is mixed with a quantity 
of stainless steel balls having diameters of, e.g., 
0.3-0.6 cm. This can be advantageously carried out 
simultaneously with such dispersion in the lower 
portion of a vessel in which high shear mixing is 
effected. This is particularly advantageous with 
highly charged polypeptides that are difficult to 
reduce in size to particles having a median particle 
diameter based on volume not jreater than about 15 
microns (i.e., 50% of the volume of the particles 
having diameters not greater than about 15 microns). 
Use of polypeptides of low particle size (e.g. of such 
a median particle diameter no greater than about 10, 
preferably no greater than about 5 microns) has been 
found desirable for enhancing syringeability of 
compositions of this invention. By operating such a 
ball mill the polypeptide particles can be conveniently 
reduced to such a preferred median particle diameter 
35 no greater than about 5 microns. Thereafter, the 

composition of this invention can be recovered from 
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the ball mill by filtration (advantageously under 
vacuum). 

As aforesaid, the compositions of this 
invention are attractively useful for parenteral 
administration, e.g. by injection intraperitoneal^ 
or, usually more desirably, subcutaneous ly or intra- 
muscularly. The duration of prolonged release is that 
period of time during which the polypeptide is delivered 
at the rate required for the desired biological 
effect, typically indicated by the concentration of 
the polypeptide in the animal's circulating blood 
stream. Depending on the particular polypeptide 
and biological effect, the period of prolonged release 
is desirably at least about 7 days. In other cases, 
it may be at least about 15 days, or more desirably 
for many applications at least about 30 days, or even 
at least about 60 days or longer. Thus, in accordance 
with this invention, compositions comprising bovine 
somatotropin associated with zinc have been found to 
provide, for at least about 7 days in the serum of a 
lactating cow injected with a 2.5 milliliter dose 
thereof, an average bovine somatotropin concentration 
of at least about 12 ng/ml, which is highly advantageous 
for purposes of enhancing milk production and/or feed- 
to-milk conversion efficiency in cattle. To provide 
an effective dose of bovine somatotropin for treating 
dairy cows, e.g. to enhance milk production, a compo- 
sition containing at least about 300 mg of a zinc- 
associated somatotropin is desirable to provide such 
an increased serum level of active bovine somatotropin 
for at least about 15 days. It is an importantly 
attractive feature of this invention that the zinc- 
associated somatotropin is advantageously present in a 
high enough concentration (e.g. at least about 15%) to 
permit the use of a conveniently small volume of the 
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composition (e.g. about 10 ml or less, say between 
about 1 and about 3 ml) for ease of administration. 

Other materials can of course be added to 
the composition provided such materials do not un- 
5 acceptably inhibit desirably prolonged release of the 
polypeptide at effective levels. For example, it may 
be desirable to add an anti-inflammatory or other 
additive to a composition of this invention to reduce, 
prevent or counteract the effects of foreign body 

10 (e.g. non-allergic) reaction. Such additives can 

include steroid and/or non-steroid anti-inflammatory 
agents which preferably are in the composition at a 
level low enough to avoid any systemic effect but 
sufficient to be effective in reducing local 

15 inflammation. 

Preparation of Metal-Associated Biologically 
Active Polypeptides 
Polypeptides associated with polyvalent 
metal can be prepared by reacting the dissolved 

20 polypeptide with non-toxic metal (e.g. zinc) ions. 
Generally the metal-associated polypeptide is 
prepared by adding the metal, optionally in the form 
of a low water-solubility salt thereof, but generally 
preferably as a water-soluble salt thereof (e.g. zinc 

25 chloride) to a buffered solution of the polypeptide to 
precipitate the polypeptide associated with the metal. 

Often organic solubilizing compounds, e.g. 
urea, guanidine or the like, are included in the 
solutions to assist in dissolving the polypeptide, 

30 especially for polypeptides that are only slightly 
water-soluble. In many cases the concentration of 
solubilizing compound and/or pH of the solution may be 
critical in maintaining a bioactive conformation of 
the polypeptide. 

35 Moreover, the pH of the solution is generally 

critical to recovery of the resulting metal-associated 
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Depending on purity of the polyp e p tide 

y ° 9ens (e -9- endotoxins) if 
present, can be removed by contacting ,,, , 

solution with ion-exfhange res n Most P ° lyPeptide 
bond to positively Irged s « 

rtr l ris „ ir;r y ' imxei bed « iL — 

pyrogen, T L Tf enSU " n9 Sufficie " removal of 

pyrogens. The polypeptide solution can be sterili,** 
to remove non-sterile foreim, >,„„■ sterilized 

„_ , . e Iore ign bodies such as bacteria 

or loose contaminates from earlier processing by 
filtration through a fine filter e o o , „ 
mesh. ' ° - °- 2 """on 

The depyrogenated. sterilized polypeptide 

2 iT l S ^ COnta " ed " lth * ~*i-e 
pe tl e """P^ate the metal-associated poly- 
peptide, usually desirably forming a suspension. The 
rate of metal addition affects particle size of the 
a " e7 " et ;j"""*«- Polypeptide. Metal ad" tion 

the ^ adjUS " n9 "™ ™tration in 

t -lutlon added, volumetric fl ou rate and/or 
dispersion rate. 

Usually, the suspension of metal-associate 
Polypeptide can he diluted to reduce the te * To 

in ase particle S12e , e.g. by agglomeration. The 

m-tal-associated polypeptide can thon k 

, :F puae can ^en be recovered by 

multiple centrifuging and wach^. - 
met;,, ashing to remove excess 

»etal an. anions, followed by lyophilization 

Polypeptides associated with a monovalent 
metal (e.g. sodium or Dota<^-h, m i u 

Potassium) can be prepared by 
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lyoph^l^ation of a solution of the polypeptide and 
the metal ion. 

Preparation of Metal-Associated Biologically 
Active Somatotropin s 

In a more specific illustration of the 
procedure just described, a somatotropin (e.g. bovine) 
can be dissolved in a variety of buffered solutions. 
Preferably it is dissolved in an aqueous urea solution 
buffered with tris(hydroxymethyl ) amino methane (TRIS) 
or other suitable buffering agent. A desirable upper 
limit of urea concentration is usually about 6M; in 
some cases a urea concentration of about 4.5M is 
preferred. Lower urea concentrations, say 3M or as 
low as 2M or even 1M, can be used but with lower 
solubility of the somatotropin. 

The pH of the buffered urea solution is 
preferably between about 7 and about 10.5. Between 
these ;>H limits the recovery of somatotropin precipi- 
tated from solution is typically at least about 60%. 
Generally, higher recovery (e.g. at least 90%) can be 
achieved with a pH between about 9 and about 9.5. 

The temperature of the solution throughout 
the precipitation should be sufficiently low to 
prevent oligomerization of the somatotropin. Generally 
such temperatures are desirably lower than about 10° 
and more preferably lower than about 5°. 

To provide a monovalent metal-associated 
polypeptide, the solution (depyrogenated and sterilized 
as aforesaid) is treated by diaf il tration (or dialysis) 
to exchange the urea with a solution of the metal 
bicarbonate (e.g. a 25 mM NaHC0 3 solution, pH 9.5) or 
other suitable salt. Multiple exchanges with the 
bicarbonate solution are preferably conducted to 
ensure complete exchange of urea. The solution is 
then treated by further diaf il tration with water to 
remove excess NaHC0 3 which is indicated by the start 
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of precipitation of MBS . Recovery of sodium-somato- 
tropin by lyophilization produces a powder of the 
sodium salt of the somatotropin. 

To provide a polyvalent metal-associated 
polypeptide, the solution (depyrogenated and steril- 
ized as aforesaid) is contacted with a polyvalent 
(e.g. zinc) salt. Use of a 1M solution of zinc 
chloride has been found to produce acceptable pre- 
cipitated zinc-somatotropin from 4.5M urea solution 
of the somatotropin, although higher or lower con- 
centrations of the chloride can be utilized. The 
ZnCl 2 solution is preferably added slowly, e.g. as by 
titration, while stirring the somatotropin solution. 

As addition of the ZnCl 2 solution is con- 
15 tinued, the somatotropin solution reaches first an 
off-white, then pearly-white color as the stoichio- 
metric amount of ZnCl 2 is added. For instance, by 
adding 4 ml of 1M ZnCl 2 to 400 ml of a pH 9.5 solution 
containing about 20 mg somatotropin per ml and 0.09 M 
TRIS in 4.5 M urea, a uniform, pearly-white zinc- 
somatotropin suspension will be formed. Additional 
ZnCl 2 (e.g. up to about 10 ml of 1M ZnCl 2 solution) 
can be added to ensure complete precipitation. 

The suspension is then often desirably 
25 diluted to reduce the tendency to increase particle 
size of the precipitate. Dilution with up to about 
3.5 volumes of water to about 1M urea has been found 
satisfactory to keep the zinc-somatotropin particles 
from agglomerating. Recovery by diaf iltration (or 
multiple centrifuging and washing) to remove urea, 
TRIS and zinc and chlorine ions, followed by lyophili- 
zation, produces a powder having particle sizes 
generally less than between 10 and 20 microns. 

when the somatotropin is bovine, the par- 
35 tides typically contain between about 0.3 and about 
1% zinc (between about 1 and 4 molecules of zinc per 
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insoluble*, filtered, passed through a G25 Sephadex 
column in which the cnianidine was exchanged for urea 
filtered and then passed through a DE52 ion exchange' 

30X by hollow fiber ultrafiltration. The concentrated 
solution was passed through a G75 Sephadex chroma- 
tography column, another hollow fiber volume reduction 
step and then dialyzed to exchange the urea first for 
MaHCO, solution and then distilled water to precipitate 
the MBS. The precipitate was lyo P hili ze d, leaving a 
white solid (slightly soluble in water) containing a 
polypeptide (MBS) having the NH 2 -met-phe( 1 )- P ro(2 ) 
leu(126J... phe(190)-COOH amino acid sequence expres- 
sed in the aforementioned publication by Seeburg et al 
Such MBS was dissolved in a 4.5M urea, 0.09M 
TRIS solution at 21.5 mg MBS per ml, 4' and P H 9 5 
The MBS solution was depyrogenated by mixing with 0 2 
grams of mixed anionic/cationic ion exchange resin 
beads (Biorad AG-501X8) for each ml of sterile MBS 
solution. The mixture was stirred for about 10 
minutes at 4° and then filtered with a 1 micron nylon 
filter to remove the beads containing adsorbed pyrogens 

The depyrogenated MBS was sterilized by 
passing the solution through a radiation sterilized 
Pleated capsule filter having 0.2 micron mesh to 
remove non-sterile foreign bodies such as bacteria or 
loose contaminates from earlier processing. 

The MBS was converted to a zinc salt (ZnMBS) 
by adding 1M ZnCl 2 while stirring the depyrogenated 
MBS solution. The precipitated ZnMBS contained 
approximately 1% zinc. The solution containing ZnMBS 
solids was then diluted with sterile depyrogenated 
water to an urea concentration of 1M. 

ZnMBS was recovered by centrifuging at 
10.000 x g for 30 mm. while maintaining the solution 
at 4". The ZnMBS was suspended in sterile depyrogenated 
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water at 50mg ZnMBS/ml using high shear mixing. ZnMBS 
was again recovered by centrifuging at 10,000 x g for 30 
min, resuspended in sterile depyrogenated water at 
50mg ZnMBS/ml using high shear mixing, and then 
5 lyophilized to produce a white fluffy powder of 
sterile ZnMBS. 

EXAMPLE 1A 
This example illustrates an alternative 
preparation of ZnMBS. 
10 A depyrogenated and sterilized solution 

of 21 mg of MBS per ml in 4.5 M urea, 0.05M TRIS, 
10° and pH 8.8 was recirculated through a hold tank 
by a positive displacement pump. 1M ZnCl 2 was added 
at the pump suction until the concentration of the 
15 solution was 0.01 M ZnCl 2 resulting in precipitation 
of ZnMBS. Dilution water was added to provide a 
concentration of lOmg MBS per ml resulting in further 
precipitation of ZnMBS. The resulting suspension of 
ZnMBS was then circulated at 25° through a diafil- 
20 tration hollow fiber membrane, having pores which 
would pass molecules of up to 100,000 MW, until 
the concentration reached 40 mg MBS per ml; then water 
was added to match the membrane filtrate rate until 
essentially all of the Zn, urea and TRIS was removed 
25 from the suspension. Water addition was stopped to 
allow concentration to about 80 mg MBS per ml. The 
concentrated suspension was then lyophilized to 
provide a dry. white powder of ZnMBS having particle 
sizes in the range of 0.5 to 11 microns. 
30 EXAMPLE IB 

This example illustrates the preparation of 
a sodium-associated bovine somatotropin. 

A depyrogenated and sterilized solution of 
21.5 mg per ml in 4.5 M urea, 0.05M TRIS, 4° and pH 
35 9.5 was dialyzed to exchange urea first for NaHC0 3 

solution and then distilled water. The water exchange 



27 19 



36095794 



12 5 9 



-27- 



01 77478 

37-21 (5675) A ' ° 



was stopped when the MBS begins to precipitate. The 
solution was then filtered with a 0.2 micron filter to 
remove precipitated MBS and lyophilized to provide a 
sodium salt (NaMBS) which can be used in compositions 
5 of this invention. 

EXAMPLE 2 

This example illustrates the preparation 
of a composition of this invention containing a 
zinc-associated somatotropin. 

0 A volume of sesame oil (Fisher NF Grade) 

was added to a three-necked round bottom flask. An 
antihydration agent (AIMS) at 5% of total AIMS 
and sesame oil was added. The flask was placed in 
an oil bath at 155° and stirred to disperse the AIMS 

5 as rapidly as possible. Stirring continued for 20 

minutes, during which the AIMS dissolved completely in 
the oil. The flask was removed from the bath, kept 
under vacuum and allowed to cool to 25°. On cooling, 
the solution converted to a thick gel. The cooled gel 

0 was fed into a ball mill having a high-shear agitator 
in a bed of stainless steel balls having 1/8, 3/16 
and 1/4 inch (0.32, 0.48 and 0.64 cm) diameters. 
Vacuum was applied to the mill and ZnMBS powder 
(prepared as described in Example 1) was slowly added 

5 using a screw feeder until the composition contained 
40% ZnMBS (13.3 wt. ratio of ZnMBS to AIMS). Stirring 
was continued for 6 hours during which the volume 
median diameter of the ZnMBS particles was reduced 
from 20 microns to 5 microns. The resulting sub- 

0 stantially non-aqueous gelled oil suspension of 

ZnMBS was separated from the steel balls by filtration. 

EXAMPLE 3 

This example illustrates an efficacious use 
of a conposition of this invention in prolonged 
5 release of a polypeptide, i.e. a bovine somatotropin, 
to enhance milk production in lactatmg dairy cattle. 
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A substantially non-aqueous composition was 
prepared essentially as in Example 2 by dissolving 5% 
AIMS in sesame oil heated to 155°C. The oil was cooled 
to form a gelled oil. ZnMBS was dispersed and milled 
5 in the oil until the composition contained 32% ZnMBS 
in a continuous phase of the oil (9.4 wt. ratio of 
ZnMBS to AIMS). Syringes equipped with 18 gauge, 1.5 
inch (3.8 era) long needles were loaded with 2.54 grams 
(2.5 ml) of composition to provide a dose containing 
10 805 mg ZnMBS. The composition had a syringeability of 
0.36 ml/sec. Blank compositions of 5% AIMS in sesame 
oil without the polypeptide were also prepared and 
loaded at 2.4 grams into identical syringes. 

The compositions were injected into 23 
15 Holstein dairy cattle in the second or third trimester 
of their second (or subsequent) lactation. The cattle 
were randomly organized into 4 groups of 5 or 6. Two 
groups were injected intramuscularly (IM) in the 
gluteal region, one with the ZnMBS-containing 
composition and the other (a control group) with the 
blank composition. Similarly, two other groups were 
injected subcutaneously (SQ) in the suprascapular 
region with the ZnMBS-containing or blank composition. 

Cumulative least-square means for average 
25 milk production (covariantly adjusted for differences 
in pretreatment milk yields) are shown in Table 1, 
where milk production is expressed in kilograms of 
milk per day. As shown in Table 1. a single IM 
or SQ injection of a conveniently-administered com- 
position of this invention provides a rapid and 
prolonged improvement in milk production at very high 
levels of statistical significance. 
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Blood samples were analyzed for bovine 
somatotropin which, without administration m accordance 
with this invention, is normally present in the 
circulatory systems of cattle. Representative analyses 
by radioimmunoassay ("ria") are shown in Table 2 where 
the concentrations of bovine somatotropin in blood 
serum are expressed in nanograms per milliliter 
( ng/ml ) . 

TABLE 2 

Average P lasma Concentration of 
Bovine Somatotr opin, ng /ml 



Days After 
Injection 



Intramuscular Subcutaneous 
Control ZnMBS Control ZnMBS 



0 

1 

2 
3 
4 
5 

6 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 



6 

6 

7, 

7, 

7, 

8. 

8. 



8.0 
7.9 
6.8 
7.6 



7 

5 

5 

6. 

5. 

5. 



5.8 
3.5 
3.8 



5.9 
8.4 
9.0 



9 
10 

12 

18 

21 

21 

18 

16 

16 

12, 

13.8 

11.2 

10.6 
9.8 
8.4 
6.8 
5.9 



5 
4 
4 
4 

3 

3 

3, 

6. 

5. 

5. 

5. 
4. 
4. 
4. 
5. 
4 . 
4 . 

1 . 

2 . 



.1 
.6 
.3 
. 0 
.5 
.1 
. 9 
, 6 
,6 
2 
2 
4 
1 
4 
3 
3 
4 
9 
1 
5 



5.7 
8.7 
11.1 
10.1 
9.8 



11 
11 
12 
16 
16 
17 
15 
11 
12 
10.0 
9.5 
9.0 
8.5 
7.4 
6.7 



2 
9 
9 
5 
6 
5 
7 
7 
0 



EXAMPLE 4 

This example illustrates the efficacy of 
compositions of this invention for prolonged release 
of a polypeptide (MBS ) in animals using a variety of 
materials in such compositions. 
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In this example, ZnMBS compositions were 
formulated essentially as disclosed in Example 3 using 
combinations of the following constituents: 

Biocompatible oil: Sesame seed or peanut. 
Antihydration agent: AIMS at 3% or 5% 

of oil plus AIMS. 
Polypeptide loading: ZnMBS at 20%, 30% or 40% 

of total composition. 
The AIMS was dispersed in the oil. The dispersion, 
after being heated to and maintained at 155° for 
15 minutes, was allowed to cool to 25°, forming a 
gelled oil. ZnMBS was added and dispersed by d high 
shear mixer (Polytron Homogenizer) forming a suspension 
of ZnMBS in the gelled oil. The suspension was loaded 
into tuberculin syringes having 18 gauge hypodermic 
needles . 

By subcutaneous injection at the dorsal 
suprascapular region, the compositions listed in Table 3 
were administered to 16 groups of 8 immunosuppressed 
female Sprague-Dawley (IFS-D) rats. 
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TABLE 3 



Injected Compositions 



Dose Volume, 



10 



15 



20 



Group 


Microliters 


Oil 


( a } 

AlMS,r a; 


ZnMBS, 


* v » 

X ZnrtBS/AUIS 


1 


200 


sesame 


3 


none 


- 


2 


200 


sesame 


3 


20 


8.3 


3 


130 


sesame 


3 


30 


1A.3 




100 


sesame 


3 


AO 


22.2 


5 


200 


sesame 


5 


none 




6 


200 


sesame 


5 


20 


5.0 


7 


130 


sesame 


5 


30 


8.6 


8 


100 


sesame 


5 


AO 


13.3 


9 


200 


peanut 


3 


none 




10 


200 


peanut 


3 


20 


8.3 


11 


130 


peanut 


3 


30 


1A.3 


12 


100 


peanut 


3 


40 


22.2 


13 


200 


peanut 


5 


none 




14 


200 


peanut 


5 


20 


5.0 


15 


130 


peanut 


5 


30 


8.6 


16 


100 


peanut 


5 


AO 


13.3 



(a) Based on weight of oil plus AIMS 



25 



30 



Blood samples were analyzed by RI A for bovine somato- 
tropin. Analyses in Table 4 are in ng/ml of blood 
plasma. Such plasma levels are shown in Table 4 for 
blood samples taken prior to injection on day 0 (the 
injection day). Some baseline measurements for rats 
in Examples 4-7 are higher than some baseline and 
released polypeptide measurements for cows in Example 
3. This is partly because of interspecies differences 
in normal somatotropin levels and partly because the 
RIA in Example 3 was more precise). 
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EXAMPLE 5 

This example illustrates the efficacy 0 f 
compositions of this invention for prolonged release 
of a polypeptide (MBS ) utilizing other fatty acid 
salts of aluminum as antihydration agents, m these 
compositions, aluminum monolaurate (AlML) and aluminum 
monopalmitate (AlMP) were utilized as antihydration 
agents with sesame and peanut oils. 

of aiMr In 6XamPle ' 96lled ° ils containing 3% 

of AlML or AlMP were prepared essentially as in 

Example 4. ZnMBS was suspended m the gelled oils at 
a concentration of 30% of the total composition (14 3 
wt. ratio of ZnMBS to AlML or AlMP) . Each composition 
was injected into a group of 8 IFS-D rats at the 
dosages indicated in Table 5. 

TABLE 5 





Dose Volume, 


Group 


Microliters 


17 


130 


18 


130 


19 


130 


20 


130 



Injected Comp os' t\ in r 

Antihydration 

2H Agent 

sesame AlML 

sesame AlMP 

peanu' AlML 

peanut A lMP 



Analyses of blood samples taken from the 
rats on the indicated days after injection resulted in 
the concentrations of bovine somatotropin shown m 
Table 6, where the readings 0n day 0 are baseline for 

the analysis. 

86095794 1267 
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TABLE 6 





Average 


Bovine 


.Somatotropin cnnrpn^.n^- 








in 


Plasma 


, ng/ml 










Days 


After 


Injection 






Group 


0 


1 


3 


7 


14 


21 


17 


9 


431 


143 


172 


49 


30 


18 


10 


632 


229 


277 


58 


33 


19 


11 


421 


162 


198 


32 


28 


20 


9 


492 


164 


210 


17 


35 



EXAMPLE 6 

This example illustrates the efficacy of 
compositions of this invention for prolonged release 
of a polypeptide (MBS ) utilizing olive oil or corn 
oil . 



In this example, gelled oils were prepared 
essentially as in Example 4 utilizing 3% AIMS based on 
AIMS plus the oil. The suspensions of 30% or 40% 
ZnMBS were injected into two groups of 8 IFS-D rats at 
the dosages indicated in Table 7. 

TABLE 7 



Dose Volume, 



Injected Compositions 



Wt. Ratio, 



Group Microliters Oil ZnMBS, % ZnMBS/AlMS 

21 1Q 0 olive 40 22.2 

22 130 corn 30 14.3 



2 72 S 
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Analyses of blood samples taken from the 
rats on the indicated days after injection resulted in 
the concentrations of bovine somatotropin shown in 
Table 8, where the readings on day 0 are baseline for 
the analyses. 

TABLE 8 

Average Bovine Somatotropin Concentrati nn. 
in Plasma, nq/ml 



Days After Injection 



Group o 

21 7 

22 7 



1 


4 


11 


14 


25 


996 


314 


174 


98 


36 


1314 


444 


158 


98 


35 



EXAMPLE 7 

This example illustrates compositions of 
this invention comprising about 10% of the polypeptides, 
MBS and ZnMBS , in peanut oil. This example further 
illustrates that prolonged effect of the polypeptide can 



metal 


and by use of 


an antihydration agent. 


Composi- 


tions 


as indicated in Table 9 for 


injection 


were 


prepared essentially 


as in Example 


4. 








TABLE 9 








Injected Compositions 








Polypeptide 






Group 


Polypeptide 


Loadinq, % 


Oil 


AlMS,% (a) 


30 


MBS 


10 


peanut 


31 


ZnMBS 


10 


peanut 




32 


MBS 


10 


peanut 


1 


33 


ZnMBS 


10 


peanut 


1 



(a) Based on weight of oil plus AIMS. 
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Each composition was injected subcutaneously 
into a group of 8 IFS-D rats at a dosage of 300 
microliters. Analysis of blood samples taken from the 
rats on the indicated days after injection indicated 
plasma concentrations as shown in Table 10, where the 
readings on day 0 are baseline for the analyses. 

Table 10 

Average Bovine snm atotropin Conp>ntr!lt . m , 
in Plasma, ng /mi 

Days After Injection 



Group 


0 


1 


3 


5 


7 


11 


14 


30 


14 


1350 


375 


145 


75 


50 


20 


31 


15 


1800 


310 


240 


200 


40 


20 


32 


12 


1200 


250 


123 


64 


35 


21 


33 


18 


620 


350 


330 


280 


175 


125 



Comparison of the results for Groups 30 and 31 illus- 
trates enhancement of prolonged release of MBS for at 
least 7 days by use of an associated polyvalent metal. 
Comparison of the results for Groups 32 and 33 illus- 
trates enhancement of prolonged release of MBS by use 
of an antihydration agent when the MBS is associated 
with such a polyvalent metal. 

EXAMPLE 8 

This example illustrates compositions of 
this invention containing 10% bovine somatotropin 
without the presence of an antihydration agent in 
each of the following oils: sesame, peanut, corn, 
olive, safflower, cotton seed, palm, rapeseed and 
soybean. Separate volumes of each oil are maintained 
at each of the following temperatures: 4° 25° 50° 
75=, 100° and 125°. ZnMBS is dispersed and milied in 
each oil as in Example 2 until its concentration 
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10 



reaches 10%. Milling is continued until the somato- 
tropin has a median particle diameter no greater than 
15 microns. Each composition has a syringeability 
greater than 0.1 ml/sec. 

EXAMPLE 9 

This example illustrates compositions of 
this invention prepared as in Example 8 except that 
prior to adding the somatotropin, AIMS is dispersed 
in each oil in a concentration of 5% based on the 
oil plus AIMS. These compositions have a syringe- 
ability greater than 0.1 ml/sec. 

EXAMPLE 10 

This example illustrates compositions of 
this invention prepared as in Example 8 except that 
15 addition of the somatotropin is continued until the 
compositions contain 40% bovine somatotropin. Dis- 
persion and milling are continued until the somato- 
tropin has a median particle diameter no greater than 
15 microns. These compositions have a syringeability 
20 greater than 0.03 ml/sec. 

EXAMPLE 11 

This example illustrates compositions of 
this invention prepared as in Example 10 except that 
prior to adding the somatotropin, AIMS is dispersed 
25 in each oil in a concentration of 5% based on the 
oil plus AIMS. These compositions have a syringe- 
ability greater than 0.03 ml/sec. 

EXAMPLE 12 

This example illustrates compositions of 
this invention containing 10% of a bovine somatotropin 
in each of the following oils: sesame, corn, olive, 
safflower, cotton seed, palm, rapeseed and soybean. 
Each oil is heated to 160° and stirred to facilitate 
dissolving AIMS. when 1% AIMS is dissolved, each 
oil is cooled to 25°. ZnMBS is dispersed and milled 
in the cooled oil as in Example 2 until its concen- 
273 1 1271 
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tration reaches 10% and its median partxcle dimeter 
is reduced to not greater than 15 microns. Each 
composition has a syringeahility greater than 0.1 
ml/sec. 

EXAMPLE 13 

This example illustrates compositions of 
this invention prepared as in Example 12 except that 
addition of the somatotropin is continued until each 
composition contains 40% somatotropin. The compo- 
sitions are milled as an Example 2 until the somato- 
tropin has a median particle diameter no greater 
than 15 microns. Each composition has a syrmgeability 
greater than 0.03 ml/sec. 

EXAMPLE 14 

This example illustrates compositions of 
this invention containing 10% of a bovine somato- 
tropin in the following oils having AIMS dissolved 
therein in a concentration of 5% based on the oil plus 
AIMS: s? same ( peanut, corn, safflower, cotton seed 
palm, rapeseed and soybean. Each oil is heated to ' 
160° and stirred to facilitate dissolving the AIMS 
When the AIMS is dissolved, each oil is cooled to 
25°. ZnMBS is then dispersed and milled m the cooled 
oil as m Example 2 until its concentration therein is 
10%. The dispersion is further milled until the 
somatotropin has a median particle diameter not 
greater than 15 microns. Each composition has a 
syrmgeability greater than 0.1 ml/sec. 

EXAMPLE 15 
In this example compositions of this 
invention containing 42% of a bovine somatotropin 
are prepared by continuing addition of the somato- 
tropin t.o compositions of Example 14 until each 
composition contains 42% somatotropin. While still 
maintaining the oil as a continuous phase the somato- 
tropin is dispersed and milled as in Example 2 until 
2 7 3 2 
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it has a median particle diameter not greater than 15 
microns. Each composition has a syringeability 
greater than 0.03 ml/sec. 

EXAMPLE 16 

This example illustrates compositions of 
this invention containing 20% of a bovine somatotropin 
in oils similar to those used in Example 9 but in 
which one of the following antihydration agents is 
substituted for the AIMS: aluminum distearate or 
tristearate; aluminum mono-, di- or tripalmitate or 
-laurate; magnesium mono- or distearate, -laurate or 
-palmitate; and calcium mono- or distearate, -laurate 
or -palmitate. The antihydration agent is added to 
the oil prior to addition of the somatotropin. ZnMBS 
15 is added as in Example 2 until its concentration is 
20%. Dispersion and milling are continued until the 
somatotropin has a median particle diameter no greater 
than 15 microns. Each composition has a syringeability 
greater than 0.03 ml/sec. 
20 EXAMPLE 17 

This example illustrates composition of this 
invention containing other concentrations of a bovine 
somatotropin in oils similar to Example 20 where the 
oils of the kind used in Example 16 except that the 
25 addition of the somatotropin is continued until its 
concentration is 25%, 30% or 35%. Dispersion and 
milling are continued until the somatotropin has a 
median particle diameter no greater than 15 microns. 
Each composition has a syringeability greater than 
30 0.03 ml/sec. 

EX AMPLE 18 

Results essentially the same as in Examples 
8-17 are obtained when the bovine somatotropin employed 
is in a chemically uncombined form or is chemically 
35 associated with sodium or potassium cations. 

1273 
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EXAMPLE 19 

Results essentially the same as in Examples 
8-18 are obtained when other bovine somatotropins 
are employed, e.g. those having amino acid sequences 
5 such as the following: 



10 



NH 2 


-met 


-phe(l) 


-pro(2).. 


. .val(126).. 


..phe(190)-COOH 


NH 2 


-all 


-phe(l) 


-pro(2). . 


..val(126).. 


..phe(190)-COOH 


NH 2 


-ala 


-phe(l) 


-pro(2).. 


. .leu(126).. 


..phe(190)-COOH 




W 2 


-phe(l) 


-pro(2).. 


. .lffu(126). . 


..phe(190)-COOH 




NH 2 


-phe(l) 


-pro(2). . 


. .val(126). . 


..phe(190)-COOH 


NH 2 -met-asp 


-glu 


-phe(l) 


-pro(2).. 


. .leu(126). . 


..phe(190)-COOH 


NH 2 -met-asp 


-glu 


-phe(l) 


-pro(2). . 


. .val(126). . 


. .phe(190)-COOH 






m 2 


-met(4) . . 


. .leu(126). . 


. .phe(190)-CO0H 






KH 2 


-met(4). . 


. .val(126). . 


. .phe(190)-COOH 



15 EXAMPLES 20-30 

When a porcine somatotropin is substituted 
for the bovine somatotropin in the procedures of 
Examples 8-18, the results are essentially the same 
due to the similarity of bovine and porcine somato- 

20 tropin. 

While specific embodiments of the invention 
have been described, it should be apparent to those 
skilled in the art that various modifications thereof 
can be made without departing from the true spirit 
25 and scope of the invention. Accordingly, it is 

intended that the following claims cover all such 
modifications within the full inventive concept. 
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CLAIMS: 

1. A substantially non-aqueous composition 
comprising at least about 10% by weight of a 
biologically active polypeptide and, as a continuous 
phase of said composition, a biocompatible oil. 

2. A composition of claim 1 wherein the 
polypeptide is slightly water-soluble. 

3. A composition of claim 2 wherein the 
polypeptide is a somatotropin. 

4. A composition of claim 2 wherein the 
polypeptide is chemically associated with a non-toxic 
metal . 

5. A composition of claim 1 comprising at 
least about 15% by weight of a bovine somatotropin. 

6. A composition of claim 1 comprising at 
least about 1% by weight of a non-toxic antihydration 
agent, said polypeptide being present in said 
composition in a weight ratio to said antihydration 
agent of at least about 1. 

7. A composition of claim 6 wherein the 
antihydration agent is predominantly a C a -C 22 fatty 
acid compound. 

8. A composition of claim 6 wherein the 
polypeptide is a somatotropin. 

9. A composition of claim 8 wherein the 
somatotropin is chemically associated with a 
non-toxic polyvalent metal. 

10. A composition of claim 9 having 
syringeability of at least about 0.03 milliliters per 
second . 

11. A composition of claim 6 wherein the 
polypeptide is a bovine somatotropin. 

12. A composition of claim 11 wherein the 
antihydration agent is predominantly an aluminum 
salt of C 8 -c 22 fatty acid. 



86095794 



127 5 



20 



25 



0177478 

-43- 

37 -2l(5675)A 



30 



35 



13 • A composition nf 
a non-toxic metal salt ln the fonB 

18 - A composition of ri a ,- m 

least about l 5% by Wei * Claim 17 comprising at 

somatotropin. 21nc salt of a 

19 - A composition ,0 • 
somatotropin is bovine. " Wherein 

"">™tain in said coy 2 ' 5 """Ulters. via 

concentration of at least h"^ PUSma Som «°»opi„ 
for at Ualt It" ^T^"" P " 

'"•ter than about s ^ ■» 

22 * A unit dose of * 
containing at least about 300 2^°" ° f Cl " m * 7 
^opm. 300 digrams of senato- 

rs 23 * A com P°sition of cli- m 1t 

C.-C„ fatty acid compound J,^" 15 ««P«*in g a 

retard "w»t"n of said co„;; lu a :; unt cfr — * 

24 - A composition of h,,-. ,, 
least about 15% by weight of t compnsin, at 

* compos t on 0 ; c b ° V1 " e '""^tropin. 

"""tropin is predo m i„ an ly Dr " ^ 
»«. sodiu, or potw ^««nt m the for, of . 



2 7 :i n 



circulatory system of , Peptide into the 

L y : : w :;r:i uhlch co * prise ' 1 

27 a k position of claim l 

- a ^ SOBatotropin ^ - : : « 

zinc, between about 2'/ anrt ah »\. " s °««ed »Uh 

.lu.i„«. mono- or di L t e * * ""^ ° f " 

Ph-e or said compo 3 m " 3 C ° nUnU ° US 

..id somatotroo i h bl ° C ° mpatlMe vegetable 
vdume diameter 0 " e " a J""™'"* median 

be.ng present i„ a we g h ra " J" 0 "'. 5 " lcrons ««• 

least about 3. ° C ° 5 " d ste ""e of at 

---^01^™^" 

water solubilUy with said metal l0 " 

b -n 9 preiinLuT:::: 0 "" of ciaim 2s ' — 

associated^th 1°^°^" ^ 28 «*«i«Hy 

weigh o si d " ^ t0 3b0Ut « ^ 

9nc 01 said somatotropin. 

32. A bovine somatotroph of claim 31 
a somatotrop.^f'T 55 ^ Palpitating 

Polyvalent metal. ° f a non " to ^c 

34. A process of claim n ,,k 
is zinc. wherein the metal 

so-o^pt b p ::i:: s of ciaim 34 — - 

is Zinc chloria?^" 5 " Uh """ 
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3 ?- A method for DreDaHnn * 
somatotropin composition Ct^- "T^""* 
^vided. discrete particles of 11 " f " S1 ^ fi " el V- 
biocompatible oil i„ somatotropin i„ a 

v time oil an proportions such that th. •, 
f °™ S a "Sinuous phase of the resulting 
»d said dispersion contains at dls P'»i°n 
»i*t of said somatotroph 1 ? *° Ut l °* * 
*** -e resuitin, dis ^on .t^""" 
^eous and the somatotropin in th Z 2 "d" 0 "" 
P«saon has a median particle diaJt 
«an about „ morons sa d di < 

°« at temperatures com b ? ' 1^ ™ 

"oleic,! act 1V i ty ofLso:a::tt oP t. desired 

38 • The method of claim u,k 

S. h = ;• rr - • 

oil and antihydraUo % * "• i>ht of «>. 

co.pr.sin, a Iet r 1 . 'oT; 

to 2, carbons, sa.d -U^n^^f- 8 
9roup consasUn, of aluminum, calc l l J 

35- The method of la 8 «h 

oil ic e^i ^ . ^aim 38 wherein said 

0". soybean oil. cott n s 'o ^ ' °"'." f "«« 
■*«»„. thereof, and said a ' ac 

"5 group consist,™ „ f . selected from 

laurxc acu "nrf . 1C 3Cld ' Palmi "c acid, 

c acid and mixtures thereof. 

40. The method of Mas*, m u 

claim 37 wherein tho 

i. carried out b e tue e„ about 4 "and about 

-totro;: n i^:;„?:;; 0 ;:i:r' uhe ~ 
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